Trees can pull tons of water up to 100 m above ground, whereas even the best engineered suction pumps can manage only 10 m at most. Beyond this height, the pull of gravity exceeds atmospheric pressure. The pressure at the top of the water column then becomes negative, and pumps drain by a process of vaporization called cavitation. So how do plants, particularly tall trees, cope with cavitation? Do they have an astonishingly high resistance to this process or are they routinely exposed to cavitation events and possess remarkable repair capacities? These questions were first asked when the mechanism of sap ascent in trees was discovered in the late nineteenth century (Brown 2013), but were not answered until reliable methods for measuring cavitation were introduced a century later. Early studies of plant hydraulics suggested that cavitation occurred only in conditions of severe drought (Fig. 1a) . However, many studies carried out in the last decade have called this understanding of tree physiology and ecology into question. Diurnal cycles of cavitation and repair have been reported, even in well watered plants, suggesting that plants routinely face cavitation and recover easily from it. Writing in Plant Cell and Environment, Wheeler et al. (2013) provided compelling new experimental evidence that trees are much more resistant to cavitation than previously thought, demonstrating that this change of paradigm should now be reconsidered.
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In plants, sap is transported under large negative pressures, in a network of tiny pipes forming the xylem tissue (Tyree 2003) . The vulnerability of these pipes to cavitation can be assessed by plotting a "vulnerability curve" (Fig. 1b) . The first of such curves were obtained in the 1980s by dehydrating branches and measuring the impact of cavitation on xylem hydraulic conductance (Sperry et al. 1988) . The method was laborious, but the resulting "sigmoidal" curves were found to be highly consistent with what was known about tree water relations. Indeed, the plumbing system of trees appeared to be remarkably resistant to cavitation events. Cavitation occurred only when the xylem pressure fell below a threshold value more negative than that occurring in the absence of stress . Under this high-cavitation-resistance paradigm, cavitation was seen as an exceptional process occurring only after prolonged water stress with the drought tolerance of the tree depending on its capacity to avoid cavitation (Brodribb and Cochard 2009; Brodribb et al. 2010; Urli et al. 2013) . For the first time, a mechanistic explanation for stomatal closure and tree death during water stress had been identified, and this was considered a major advance in the understanding of tree water relations.
In the late 1990s, a new paradigm was proposed to account for the functioning of many tree species with xylem pipes that appeared to be highly vulnerable (Tyree et al. 1999) . The vulnerability curves of these species are typically "exponential" (Fig. 1b) , suggesting that cavitation occurs as soon as xylem pressure falls below zero (for instance 50 % of cavitation was reported at −0.16 MPa for Vitis vinifera cv. Glenora by Jacobsen and Pratt (2012) ). These trees are thus routinely exposed to high levels of cavitation even when well watered (Zwieniecki and Holbrook 1998) . As a corollary, cavitation was found to be rapidly repaired by a mechanism that remains a matter of debate (Holbrook and Zwieniecki 1999) . Under this low-cavitation-resistance paradigm, cavitation is seen as a process with beneficial effects on tree growth, possibly due to the release of water into the sap stream to sustain stomatal opening during the day. Drought tolerance may, therefore, be linked more to the ability of trees to repair cavitation than to their capacity to avoid cavitation in the first place. Clearly, our perception of cavitation resistance in trees has changed dramatically in the last decade. A phenomenon that was once thought to occur only in extreme conditions is now considered very common. This has led to major efforts to unravel the mysterious mechanism by which trees repair their vulnerable pipes so efficiently.
However, through a new series of experiments, Wheeler et al. (2013) have shifted the burden of proof. They have identified methodological issues resulting in underestimations of the level of stress required to induce substantial cavitation in trees. The daily patterns of cavitation and apparent recovery in well-watered trees thus actually reflect a bias of the sampling procedure, which involves cutting stressed branches under water. If an appropriate sampling procedure (in which xylem tension is relaxed before sample excision) is used, cavitation levels remain low throughout the day. These findings indicate that diurnal cavitation and refilling cycles are artifactual in nature (Sperry 2013) . This major finding is complementary to other recent reports (Cochard et al. 2010 McElrone et al. 2012) demonstrating that "exponential" curves are associated with the use of modern techniques that considerably overestimate xylem vulnerability to cavitation, particularly in species with long xylem pipes. These techniques were introduced in the 1990s and are now widely used in laboratories worldwide. The methodological contamination is actually massive as nearly half of all the hundreds of vulnerability curves published in the recent years are suspicious (Fig. 2) .
The findings of Wheeler and his coworkers clearly invalidate the experimental proofs supporting "miraculous" refilling. Moreover, we now need to reconsider recent reports of incredibly high pipe vulnerability to cavitation if we are to understand tree drought resistance. Contrary to the prevailing view, hydraulic failure and repair are not routine in trees because, as in suction pumps, cavitation represents too serious a threat to the mechanism of sap ascent. Trees have a remarkable ability to construct a plumbing system that is outstandingly resistant to cavitation events until it is exposed to severe drought conditions. The high-cavitation-resistance paradigm must now be regarded as the only valid framework for Fig. 2 The number of xylem vulnerability curves (VCs) published each year increases exponentially thanks to fast methods developed during the last two decades (plain blue curve). However, these techniques can be vitiated by an open-vessel artifact and the number of suspicious curves (i.e., having an exponential shape) is now reaching a critical level (dashed red curve). Data from Choat et al. (2012) showing the increase in cavitation with decreasing xylem pressure during drought. Cavitation was initially thought to occur only in conditions of intense drought stress after stomatal closure (plain blue curve). Studies carried out in the last decade suggested that cavitation might be much more common than previously thought (dashed red curve). However, this view should now be overturned as major biases have been reported with the techniques used in recent years. Photo credits: Hervé Cochard (INRA, Clermont-Ferrand, France) understanding plant physiology and ecology. This will undoubtedly have profound implications for two of the major challenges posed by climate change: (1) identification of the molecular and genetic basis of drought resistance for the improvement of crop species, a key issue for the prevention of declining productivity in a context of global warming (Ciais et al. 2005) ; (2) improving the forecasting of global droughtinduced forest dieback (Allen et al. 2010; Lindenmayer et al. 2012 ) and species distribution shifts under climate change (Thuiller et al. 2005) , by improving the representation of drought resistance in dynamic global vegetation models. We therefore urge plant and tree physiologists to reconsider existing datasets and to consolidate their methods for measuring cavitation resistance, to characterize lethal doses of water stress in plants.
